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Promoting Pre-service Science Teachers' Understanding about the Nature

of Science Through History

Huann-shyang Lin, National Kaohsiung Normal University

The purpose of this study was to identify the benefit of teaching

chemistry through history, using a quasi-experimental design, which

was based on the method of action research. A class of senior

students was used as the experimental group. The students were

receiving the last year of training in a teacher preparation program.

After receiving training on how to develop and teach chemistry

through the history of science, their understanding about the nature

of science was compared with the control group, which was selected

from a class of junior students in the same department. The results

of the analysis of covariance revealed that the experimental group

outperformed the control group. Additional frequency analysis and

qualitative data collected from interviews indicated that the

experimental group students have a better understanding of the

nature of creativity, the theory-based nature of scientific

observations, and the function of theories. In the pre-treatment

interview, the student explanations concerning the nature of science

were based primarily on their intuition. However, in the post-

treatment interview, they were able to explain their beliefs by using

previous scientists' arguments or hypotheses as examples. This

result reveals that the pre-service teachers' understanding about the

nature of science was explicitly changed by an understanding of the

history of science.
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Promoting Pre-service Science Teachers' Understanding about the Nature of Science

Through History

There is a growing consensus within the science education community that

understanding about the nature of science is a critical objective of science teaching.

The knowledge of knowing how science works is requisite for scientific literacy

(American Association for the Advancement of Science, 1989). Unfortunately,

research studies have found that students do not possess adequate conceptions of the

nature of science. For example, Aikenhead and Ryan (1991), Ryan and Aikenhead

(1992) used the Views on Science-Technology-Society (VOSTS) instrument to assess

high school students' viewpoints on the epistemology of science. They found that the

majority of the students hold naive views contrary to the contemporary epistemology

of science; Using the "Test on Understanding Science" (TOUS), Mackay (1971)

concluded that secondary students lacked sufficient knowledge of the relationship

between experiments, hypotheses, models, and theories; With a Likert-scale

instrument "Nature of Scientific Knowledge Scale" (NSKS), Rubba, Homer, and

Smith (1981) indicated that even high-ability secondary students were not

knowledgeable with respect to the nature of scientific knowledge. Although the above

studies used different assessment instruments, they revealed that there is a consistent

finding that students do not possess adequate conceptions of the nature of science.

In addition to the assessment of students' understanding about the nature of science,

several researchers turned their attention to teachers. After conducting a questionnaire

to 1000 science teachers, Behnke (1961) found that over 50% of the science teachers

felt that scientific findings were not tentative; By comparing the TOUS scores

between 51 biology teachers and 87 high ability high school students, Miller (1963)

showed that 68% of the high ability students scored higher than 25% of the teachers;

Using the Wisconsin Inventory of Science Process (WISP), Carey and Stauss
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concluded that not only prospective science teachers (1968) but also experienced

science teachers (1970) in their studies did not possess adequate conceptions of the

nature of science.

The evidence showing the inadequate views of students and teachers with regard to

the nature of science has caught attention from science educators, especially the

research findings on teachers. Continuing efforts have been taken to study the

relationship between teachers' beliefs about the nature of science and their teaching

practices (Brickhouse, 1990; Gallagher, 1991; Lederman & Zeidler, 1987).

Significant relationships have been found by Brickhouse and Gallagher. Meanwhile,

efforts have also been taken to identify the factors which may affect teachers'

understanding of the nature of science. It was found that academic variables (e.g.,

college grade point average, college science courses, or science grade point average)

could not be used to improve science teachers' conception of science (Carey & Stauss,

1970). In addition, teaching experience does not contribute to a teacher's

understanding of the nature of science (Billeh & Hasan, 1975; Carey & Stauss, 1970).

On the other hand, however, Lavah (1969) found that using historical aspects of

science teaching in an inservice program, science teachers made significant gains in

their understanding of the nature of science. More recently, leaders in the field of the

history and philosophy of science argued that the history of science should play a role

in science teaching (Brush, 1974; Duschl, 1985; Matthews, 1994; Solomon, Duveen,

& McCarthy, 1992). Matthews indicated that one of the potential benefits of teaching

the history of science is that it can promote a learner's better understanding of the

nature of science.

Although there are potential benefits for teaching history of science, most science

teacher preparation programs are not likely to provide such a course simply because of

the limitations of time available or the shortage of faculty members who are interested

in this field. For this reason, a feasible way would be using some time from existing

courses. In this study, the researcher used the chemistry teaching methods course to

introduce history of science to prospective chemistry teachers. The main purpose of
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this study was focused on the investigation of the prospective teachers' improvement

in their understanding of the nature of science.

Methodology

Subject

A total of 63 prospective chemistry teachers participated in this study. They were

in a 4-year teacher preparation program in a university. Thirty three senior students

were assigned as the experimental group, while thirty junior students served as the

control group.

Instrument

A modified version of VOSTS (Aikenhead & Ryan, 1992) was used to assess the

students' conception of the nature of science. The 11 questions included in this

instrument were multiple choice items. Seven items were from the VOSTS and four

items were derived from a questionnaire used by Soloman, Duveen, Scot, and

McCarthy (1992). The major topics of the questions were: the purpose of scientific

models and experiments conducted by scientists; how a theory is produced; the

relationship between hypothesis, experiment, and observation; and the tentativeness

and durability of scientific knowledge.

Procedure

At the beginning of the school year, both the control and experimental group

students were asked to respond to the 11-question instrument. Following the pretest,

the experimental group students were presented with a sample of historical-rich

teaching material edited by the author. The material described how scientists

developed their understanding about atoms, molecules, and atomic weight tables. In

order to be consistent with the "historical instructional" characteristics instead of

"historical descriptive" described by De Berg (1989), the sample material was

equipped with student discussions and hands-on experiments (Lin, In press). The

author explained the content and the format of the historical material. The students

were asked to read a case study of the history of science to develop similar material
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for their use in future teaching as the semester assignment. Topics selected by the

students ranged from Torrecellie's and Pascal's experiments regarding atmospheric

pressure which discarded the Aristotelian doctrine of "Nature abhors vacuum", to

Boyle's vacuum pump invention and experiments to confirm the compressibility of air,

and the overthrow of the phlogiston theory. Upon completion of the assignment,

students shared their historical materials in the teaching methods class. On the other

hand, the control group students did not take any courses related to the history of

science. Finally, both the control and the experimental group students responded to

the instrument again at the end of the semester. In order to better understand what

reasons were behind the students' beliefs, "five students were randomly selected from

the experimental group for follow-up interviews. Each of them was interviewed for

30-45 minutes immediately after the pre- and post-tests.

Data Analysis and Scoring scheme

The students' answers for each question were classified into either contemporary or

traditional as Aikenhead recommended (1991). The changes in their views on the

nature of science were analyzed. The frequency and percentage analyses of students'

view from pretest to posttest was conducted to reflect the change. In addition, in order

to better examine if the experimental group improved more than the control group, the

analysis of covariance (ANCOVA) was used. If a student's position was

contemporary, a score of 1 for that question was given. Otherwise, a score of 0 was

assigned. The total score of the pretest served as covariate, and the total score of the

posttest was examined as the dependent variable to compare if there was any

significant difference between the two groups.

Quantitative Results

Table 1 presents the percentages of students who changed their views about the

nature of science for the 11 questions from traditional to contemporary. It can be seen

that except for question # 7, the experimental group had more students change their

views than the control group, especially for questions #3, 4, and 8.
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Question #3 asked students whether scientists "invent" theories as artists invent

sculptures or scientists "discover" theories as miners discover gold. In the posttest,

24.24% of students in the experimental group switched from the view of "discover" to

the view of "invent". Meanwhile, only 10% of students in the control group had the

same change.

Question #4 asked students how scientists conduct observations while they

believed in various theories. The view of believing that scientists would conduct

different observations based on their own theories was classified as "contemporary".

Table 1 shows that 30.30% of the experimental group students switched from the

traditional view to the contemporary view. However, only 20.00% of the control

group students had the same change.

Question #8 was about the function of scientific theories. The answer that they are

used as tools for explaining what happened in the universe is looked on as

"contemporary". Again, there were more students in the experimental group (42.42%)

than students in the control group (20.20%) switched from a "traditional" to

"contemporary" view.

The result of the analysis of covariance revealed that the treatment made a

significant difference in the experimental group students on their understanding of the

nature of science. Table 2 shows the mean scores and standard deviations of the two

group students' pre and posttests. Table 3 presents the source of variance results. It

can be seen that the mean scores of the control group dropped from 4.67 in the pretest

to 4.57 in posttest, while the experimental group went up from 4.51 in the pretest to

5.67 in the the posttest. There is a significant difference in the adjusted mean score

between the two groups (p < 0.05).

Qualitative Results

The comparisons of pre-treatment interview and post-treatment interview results

show how and why students changed their views about the nature of science. Since

the quantitative results revealed that the experimental group made significant progress
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in understanding the nature of creativity, the theory-based nature of scientific

observations, and the function of theories, the explanations of the following

qualitative results will focus mainly on these three fields.

1. the nature of creativity

"Do scientists discover theories like gold miners discover gold or invent theories

like artists invent sculpture?" This question was used to ask student A in the pre-

treatment interview, she replied with a traditional view saying that "scientific theories

are out there in nature, scientists simply discover them." When she was requested to

give examples for further explanation of her position, she turned her head down and

fell into deep thinking for a while. Finally, she answered "It's very difficult to find an

example". In the post-treatment interview, student A confidently indicated that

scientists invent theories to explain natural phenomena. Scientists with different

beliefs may create different theories for a same phenomenon. The following

transcriptions describe the detail (I: interviewer, A: student A).

I: Why did you change your view from "discover" to "invent"? Can

you explain it using examples of how scientists invent theories?

A: Yeah, like the ring structure of benzene. So scientists should

have the ability of imagination and creativity to be able to invent

a theory. I feel the invention of a theory is similar to the creation

of a sculpture.

I: Do you think it is possible that scientists with different ideas may

invent different theories for the same natural phenomenon?

A: Yeah.

I: Why is it possible? I just want some of your ideas or examples.

A: Well, for example, in the seventeenth century, somebody

[Linus] hypothesized that the space above the mercury

column in a Torricellian tube contained an invisible membrane,

which keep the mercury column from falling down. However,
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Boyle had a different idea, he argued that the main reason was

the pressure of the outside air.

For student B, his position was uncertain in the pre-treatment interview. He

believed that some theories were invented, but some were discovered by the good luck

of scientists. In addition, his explanations were based on well-known fictions instead

of the history of science.

I: Can you explain by examples, which theory was discovered with

good luck?

B: The discovery of gravity by Newton is a good one. He was sitting

under an apple tree and hit by a falling apple. If he was not hit,

how can he come up with the idea? His discovery was based on

luck.

In the post-treatment interview, student B believed that theories were

invented by scientists to explain natural phenomena. He was able to use a

historical event to support his position.

I: Are you sure, that scientists invent theories to explain natural

phenomena?

B: Yeah.

I: Why do you think so?

B: Like the things that happened to Torricelli. After he saw the fact

that a water pump could not draw water from a well deeper than

30 feet, Torricelli created the hypothesis of "sea of air

surrounding the earth". He proved the existence of atmospheric

pressure by providing the mercury tube experiment.

2. The theory-bound nature of scientific observations

The following two student's explanations of the relationship between a theory

and a scientific observation provide evidence of their change of understanding about

the nature of science. In the pre-treatment interview, both of them simply based their
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explanation on the intuitions of their experiences. However, in the post-treatment

interview, their views had changed and their explanations were based on scientific

experiments conducted by previous scientists.

In the pre-treatment interview, student C believed that even though scientists

believed in different theories, they may still conduct the same experiment. However,

in the post-treatment interview, student C believed that scientists with different

theories, would conduct different experiments.

Pre-treatment interview

I: DO you mean that two scientists holding different theories could

conduct the same experiment? Why do you think so?

C: Yes. I feel that [in a same experiment] individual difference

may result in a variety of observational results. Different

theories are derived from these results.

I: Can you explain more about your idea with experiments?

C: It's like all students in the same classroom did the same

experiment. Finally, every student got different

results. Therefore, the more correct your experimental

procedure, the better your results would be.

I: Would the students create different theories?

C: Since all the experiments we conducted were based on the same

theories, we won't [get different theories]. If the observations of

our experiments were not based on the same theory, it would be

possible.

Post-treatment interview

I: You believed that scientists holding different theories might

conduct the same experiment last year. Why do you believe that

they will conduct different experiments now?

C: Well, it's possible. When they believed in different theories, their

experimental observations would be different. They may seek
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evidence from different experiments in order to support their

own theory.

I: What reason makes you think so?

C: In the early days, some scientists believed in the theory of

phlogiston, but some didn't. They provided evidence of their

beliefs from different experiments. The reason why they

conducted different observations was simply because the two

groups of scientists believed in different theories.

The following interview result of student D provides more evidence of students'

progress in understanding the nature of science. Furthermore, this student clearly

figured out that her change had been the result of reading the history of science.

pre-treatment interview

I: If two scientists believed in different theories and they are trying to

use their experimental observations to support their own theory,

do you think they will conduct the same experiment?

D: Yes, it is possible. Sometimes they will, but sometimes they

won't. When they are conducting the same experiment, they

may observe different aspects of the experiment, which in turn

make different interpretations.

I: Can you explain this using an example?

D: By example? I am not sure of my position.

Post-treatment interview

L ....why did you choose different answers in the pre and post tests?

D: It may be the result of reading the history of science.

I: What topics of the history of science?

D: Like the topic of the Galvanic Cell or the history of heat.

I: Can you explain more about these topics?

D: [In the eighteenth century], those who believed in the Caloric

theory, they accepted that heat was one kind of substance. On
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the other hand, for those who doubted the Caloric theory (like

Count Rumford), they suspected that heat might be a form of

motion. Therefore, the two groups of people conducted different

experiments in order to support or attack the Caloric theory.

3. The function of theories

In the pre-test, More than half of the pre-service teachers in the experimental

group perceived that theories are facts that have been repeatedly confirmed by

scientists. However, in the post-test, many of the pre-service teachers changed their

beliefs to that theories are tools for explaining natural phenomena. The following

transcription can be served to reveal how their opinions changed.

Pre-treatment interview

I: Why do you think that theories are facts that have been confirmed

by scientists?

E: As I know, all of the theories were derived from careful, objective,

and precise experiments conducted by a group of scientists. If

you follow the same procedure as they did, you'll get the same

result. So it can be regarded as a fact.

I: Why do scientists conduct experiments?

E: I don't know. All the theories I know are from textbooks. They

simply appear as products of scientists' experiments.

Post-treatment interview

I: Why did you change your view to that theories are created to

explain natural phenomena rather than facts.

E: After reading the history of heat and temperature, I understand

how a theory was developed and accepted by scientists. It's not

just like the way textbooks presented as an undoubted product.

It's more like something to be used to explain things around us.

12
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Discussion

The potential benefits of teaching the history of science have been indicated by

leaders in this field. This study provides empirical evidence of its benefit to

understanding the nature of science for prospective chemistry teachers. Among the 11

questions regarding the nature of science, the experimental group made better progress

on the following three questions: 1. Do scientists invent or discover theories? 2. How

did scientists conduct observations when they believed in various theories? 3. What is

the major function of scientific theories?

Using multiple choice items in the investigation of a student's understanding

about the nature of science may have limitations in some aspects. For instance, one

item of the questionnaire asked students "What expectations are in scientists' minds

when they conduct an experiment?", of the four possible answers: 1. They already

know (at least they expect) what would happen; 2. They don't know the outcome ofan

experiment. They just try and see what happens; 3. If they are trying a new

experiment, they know nothing and expect all the posibilities at the beginning stage of

a new experiment. However, they may have learned more knowledge as they progress

in an experiment; 4. Sometimes they know and expect what would happen, but

sometimes they don't, answer #1 was classified as a contemporary view, while the

choice of #2, #3, and #4 were ranked as traditional views. Although the quantitative

analysis showed that only 6.06% of the experimental group switched from traditional

to contemporary view, the interview of the six students revealed that all of them have

changed their view to some extent. They choose answer #4 in both of the pre- and

post-tests. However, in the interviews, when they were asked to estimate the

percentage of possibility that scientists know and expect the outcome before

conducting an experiment, their estimations increased from 4050% in the pre-

treatment interviews to 8090% in the post-treatment interviews. It can be explained

that pre-service teachers possessed a cartoon like view of scientific experiments

(Soloman, Duveen, Scot & McCarthy, 1992) before the treatment, and afterward
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began to believe that experiments are theory-based. In addition, the students were

able to explain why scientists know experimental outcomes using cases in the history

of science. Such explanations were not seen in the pre-treatment interviews. Clearly,

the multiple choice format of the items in this study are not capable of entirely

distinguishing such changes in the students' beliefs. Therefore, it is suspected that the

quantitative assessment results of this study are more conservative than the actual

degree of change in the students understanding of the history and nature of science.

The qualitative results of this study indicate that the improvement of students'

understanding about the nature of science resulted primarily from the training with

historical-rich teaching materials. This finding is different from the studies conducted

by Herron(1977) and Lederman and O'Malley(1990). These researchers interviewed

those high school students who changed views on the nature of science and found that

the students were not able to indicate the reasons that caused the change. They

concluded that the students' change in the understanding of the nature of science was

implicit rather than explicit. However, the pre-service teachers in this study not only

clearly indicated that their changes were caused by the reading of cases in history of

science, but they all used historical cases to support their beliefs in the post-treatment

interviews. It is suspected that there are at least two reasons behind the difference:

first, college students, especially pre-service teachers, are more expressive and

reflective than high school students; second, the assignment of integrating history of

science into teaching materials has made a direct and significant impact on the pre-

service teachers. In fact, this potential effect has been asserted by many leaders in this

field (Conant, 1957; De Berg, 1989; Duschl, 1985; Matthews, 1994).

Implications in Science Education

The fruitful results of this study may serve as a pitfall for science educators who

are interested in implementing history of science in their teaching. The student-

centered historical instructional method of teaching (De Berg, 1989) is especially

recommended. In which, activities of small group discussions, role playing, and
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simulating previous scientists' experiments are provided for students to be involved in

a way of cooperative learning.

This study chose prospective chemistry teachers as subjects to be taught the history

of science is significant for the development of science education. Once science

teachers are introduced and equipped with such historical-rich materials, there are

higher possibilities that they will include the history of science in their future teaching,

simply because they explored this field.

At the end of the semester, while the students were sharing the materials in class,

most of them asked for copies from others. The classroom climate provided evidence

that the prospective chemistry teachers enjoyed doing the assignment of developing

historical-rich materials. The results of this action research reveal that the

implementation of history of science can make a difference in teacher training. Future

studies can investigate other potential effects pointed out by Matthews (1994) or

conduct investigations of this study with different formats for in-service science

teachers.
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Table 1 Percentages of Students Who Changed their views

question # control group (N=30) experimental group (N=33)

1 10.00 18.18

2 13.33 15.15

3 10.00 24.24

4 20.00 30.30

5 6.67 9.09

6 20.00 21.21

7 6.67 6.06

8 20.00 42.42

9 16.67 24.24

10 16.67 18.18

11 13.33 15.15

Table 2 Pre and Posttest Means and Standard Deviations of the Students

group pretest unadjusted posttest adjusted posttest

control 4.67 4.57

(2.10)a (1.89)

experimental 4.51 5.67

(1.80) (1.76)

4.54

(0.32)

5.69

(0.31)

a: numbers in ( ) are standard deviations.

Table 3 Source of Variance of the ANCOVA Result

Source of Variance DF SS MS

Treatment 1 20.48 20.48 6.66*

pretest 1 18.33 18.33 5.96*

error 60 184.37 3.07

*: p < 0.05
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